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(54) INTEGRATED CIRCUIT 



(57) The present invention provides a semiconduc- 
tor integrated circuit including a plurality of different 
primitive cells constituting a functional block, character- 
ized in that the semiconductor integrated circuit includes 
a bypass capacitor electrically connected between a 
wire electrically connected to a power source and a 
grounded wire in a specific primitive cell into which a 
periodically varying signal is input, and the bypass ca- 
pacitor is located adjacent to a gate circuit to which the 
periodically varying signal is input, among a plurality of 

FIG. 1 



gate circuits constituting the primitive cells. In accord- 
ance with the semiconductor integrated circuit, an im- 
pedance of the bypass capacitor arranged in a primitive 
cell is reduced in a high frequency band, and resultingly, 
a total of a resistance of a wire electrically connected to 
a power source, in IC chip, an inductance in IC chip, and 
an inductance of IC package is greater than an imped- 
ance of the bypass capacitor in a high frequency band. 
This ensures reduction in leakage of a high frequency 
current generated in IC, to outside of I C. As a result, it 
is possible to suppress EMI noises generated in IC. 
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1: Primitive Cell 2: Gate* Circuit 

3: Bypass Capacitor 4: Power Source Wire 

6: Signal Input Terminal 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates to a cell-based semicon- 
ductor integrated circuit (hereinafter, referred to simply 
as "IC") including functional blocks each of which is 
comprised of primitive cells (basic cells) such as a flip- 
flop circuit, a NAND circuit, a NOR circuit or an inverter 
circuit, and more particularly to a semiconductor inte- 
grated circuit which is capable of suppressing electro- 
magnetic interference (hereinafter, referred to simply as 
"EMI") noises which leaks around IC when it is in oper- 
ation. 

BACKGROUND OF THE INVENTION 

[0002] When IC was to be mounted on a printed circuit 
board, a bypass capacitor has been conventionally ad- 
ditionally externally connected to IC in order to suppress 
EMI noises which will be emitted from IC. However, the 
additionally externally connected bypass capacitor can- 
not suppress EMI noises in high frequency bands be- 
cause of parasitic inductance of the capacitor and/or in- 
ductance of an I C package. 

[0003] Hence, a bypass capacitor is incorporated in 
IC in order to suppress EMI noises. 
[0004] For instance, Japanese Unexamined Patent 
Publication No. 10-150148 has suggested a capacitor 
comprised of two-layered polysilicon layers, and posi- 
tioned in the vicinity of a functional block in IC or in a 
wiring area in a functional block. 

[0005] Japanese Unexamined Patent Publication No. 
10-135336 has suggested a semiconductor integrated 
circuit including MOS capacitors associated with macro- 
cells. Resistances both in the MOS capacitors and elec- 
tric power wires suppress EMI noises which would be 
generated in the semiconductor integrated circuit. 
[0006] Japanese Unexamined Patent Publication No. 

5- 55380 has suggested a semiconductor integrated cir- 
cuit including a capacitor electrode entirely covering a 
chip therewith, and a bypass capacitor electrically con- 
nected across a power source and a ground. 

[0007] Japanese Unexamined Patent Publication No. 

6- 132481 has suggested a semiconductor integrated 
circuit including a de-coupling capacitor located in the 
vicinity of a switching device below a wiring channel. 
[0008] Japanese Patent No. 2682397 (Japanese Un- 
examined Patent Publication No. 7-106521) has sug- 
gested a semiconductor integrated circuit including a 
capacitor ceil formed in a wiring area in accordance with 
a cell-base design process, and a bypass capacitor 
formed in LSI between a wire electrically connected to 
a power source and a ground (GND) wiring without an 
increase of a chip size. This ensures that LSI can have 
an enhanced resistance to noises. 

[0009] Japanese Unexamined Patent Publication No. 
5-315618 has suggested a semiconductor device in 



which a second gate electrode is electrically connected 
to a positive voltage of a power source supplying power 
to a gate driving circuit. A deviation current generated 
in switching is absorbed into or bypassed through the 
s second gate electrode. As a result, it is possible to pre- 
vent a deviation current from running through a first gate 
electrode, ensuring that voltage fluctuation is not pre- 
vented in the first gate electrode. 
[0010] Japanese Unexamined Patent Publication No. 
10 10-125861 has suggested a semiconductor integrated 
circuit in which a bypass capacitor is formed partially on 
a region in which a source resistance is formed, on a 
semiconductor chip. Hence, it is possible to reduce an 
area the bypass capacitor occupies by an area in which 
is the bypass capacitor overlaps the source resistance. As 
a result, a semiconductor chip size can be reduced, 
even if a bypass capacitor is externally added to the 
semiconductor integrated circuit. 
[0011] FIG. 1 illustrates another conventional semi- 
20 conductor integrated circuit. The illustrated convention- 
al IC is designed to include a gate circuit 100 electrically 
connected across a wire 101 connected to a power 
source, and a grounded wire 102. 
[0012] In the conventional IC having a bypass capac- 
25 jtor externally added thereto, as suggested in the above- 
mentioned Japanese Unexamined Patent Publication 
No. 10-150148, a bypass capacitor is arranged for each 
of macro-cells. As a result, the conventional IC is ac- 
companied with a problem that EMI noises cannot suf- 
30 ficiently suppressed in a high frequency band due to im- 
pedance of a wire electrically connected to a power 
source and across the bypass capacitor and a gate cir- 
cuit positioned in a functional block or macro-cell which 
generates noises. 
35 [0013] The MOSFET capacitor of IC suggested in 
Japanese Unexamined Patent Publication No. 
10-135336 is accompanied with problems that the ca- 
pacitor would have a high impedance when the capac- 
itor has a high capacity, and that when the capacitor has 
40 a large-sized gate electrode, a semiconductor substrate 
or a well region acting as an opposing electrode would 
have a high equivalent series resistance, resulting in an 
increase in an impedance of the capacitor in a high fre- 
quency band. 

45 [0014] The IC suggested in Japanese Unexamined 
Patent Publication No. 5-55380 is accompanied with a 
problem that since the capacitor electrode formed en- 
tirely covering a chip therewith, the gate electrode una- 
voidably has a large size, and an equivalent series re- 

so sistance is high, resulting in that the capacitor has a high 
impedance in a high frequency band. 
[0015] The IC suggested in Japanese Unexamined 
Patent Publication No. 6-132481 is accompanied with a 
problem that since it is impossible to shorten a wiring 

55 length between the switching device and a power 
source and between the switching device and a ground, 
an impedance cannot be reduced. 
[0016] The IC suggested in Japanese Patent No. 
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2682397 (Japanese Unexamined Patent Publication 
No. 7-1 06521 ) is accompanied with a problem that since 
the bypass capacitor has to be fabricated in LSI, the 
process of fabricating the IC is unavoidably complicat- 
ed. 5 
[0017] The semiconductor device suggested in Japa- 
nese Unexamined Patent Publication No. 5-315618 is 
accompanied with a problem that since there have to be 
fabricated two gate electrodes, that is, the first and sec- 
ond gate electrodes, each of the gate electrodes is un- to 
avoidably large in size, and an equivalent series resist- 
ance is also unavoidably high, resulting in that the ca- 
pacitor has a high impedance in a high frequency band. 
[0018] The IC suggested in Japanese Unexamined 
Patent Publication No. 10-125861 is accompanied with 15 
a problem that since the bypass capacitor overlaps the 
source resistance area only in a small area, it would be 
impossible to sufficiently suppress EMI noises unless 
an additional bypass capacitor is externally added to the 
IC. 20 
[0019] In the conventional IC illustrated in FIG. 11, 
each of the wire 101 electrically connected to a power 
source and the grounded wire 102 has a series resist- 
ance 106 and a series inductance 107. In a high fre- 
quency band, an impedance of the wires 101 and 102 25 
at a side of a power source becomes high for the gate 
circuit 100 because of the series resistance 106 and the 
series inductance 107. As a result, an impedance of the 
wire 101 is not ignorable relative to an impedance of the 
capacitor. Hence, if a bypass capacitor is arranged in 30 
each of a functional block or macro-cell, there will be 
caused a problem that EMI noises cannot be sufficiently 
suppressed in a high frequency band because of an im- 
pedance of the wire 101 between the bypass capacitor 
and a gate circuit arranged in a functional block or mac- 35 
ro-cell from which noises are generated. 
[0020] In addition, since a functional block or macro- 
cell includes a plurality of the gate circuits 100 which 
generates noises, it would be impossible to arrange a 
bypass capacitor such that the bypass capacitor is lo- *o 
cated at a minimum distance from the gate circuits 100, 
namely, an impedance of the wire 101 is minimized. 
[0021] If a capacitor is formed in the IC, there is 
formed an equivalent circuit comprised of a capacitance 
103, an equivalent inductance 104 connected in series 45 
to the capacitance 103, and an equivalent resistance 
105 connected in series to the inductance 104. In the 
equivalent circuit, if the capacitor had a high capaci- 
tance, that is, if a gate electrode were large in size, the 
capacitor would have a high impedance, which is not so 
ignorable in a high frequency band. As a result, it would 
be impossible to sufficiently suppress EMI noises. 
[0022] In view of the above-mentioned problems, it is 
an object of the present invention to provide a semicon- 
ductor integrated circuit which is capable of reducing an 55 
impedance in a high frequency band to thereby suffi- 
ciently suppress EMI noises. 



DISCLOSURE OF THE INVENTION 

[0023] To accomplish the object, the present invention 
provides a semiconductor integrated circuit including a 
plurality of different primitive cells constituting a func- 
tional block, characterized in that the semiconductor in- 
tegrated circuit includes a bypass capacitor electrically 
connected between a wire electrically connected to a 
power source and a grounded wire in a specific primitive 
cell into which a periodically varying signal is input, and 
the bypass capacitor is located adjacent to a gate circuit 
to which the periodically varying signal is input, among 
a plurality of gate circuits constituting the primitive cells. 
[0024] For instance, the periodically varying signal is 
comprised of a clock signal. 

[0025] The bypass capacitor may be designed to in- 
clude any one of a first capacitor which has an electrode 
comprised of a gate electrode of a field effect transistor, 
and the other electrode comprised of a semiconductor 
substrate located below the gate electrode with an in- 
terlayer insulating film being sandwiched therebetween, 
a second capacitor which has an electrode comprised 
of a gate electrode of a field effect transistor, and the 
other electrode comprised of a metal wiring layer locat- 
ed above the gate electrode with an interlayer insulating 
film being sandwiched therebetween, a third capacitor 
which has an electrode comprised of a polysilicon layer 
in a wiring area, and the other electrode comprised of a 
semiconductor substrate or a well region located below 
the polysilicon layer with an interlayer insulating film be- 
ing sandwiched therebetween, and a fourth capacitor 
which has an electrode comprised in a polysilicon layer 
of a wiring area, and the other electrode comprised of a 
metal wiring layer located above the polysilicon layer 
with an interlayer insulating film being sandwiched ther- 
ebetween. 

[0026] For instance, the second capacitor may be de- 
signed to include a capacitor comprised of a p-type MOS 
transistor and a capacitor comprised of a n-type MOS 
transistor, wherein a gate electrode of the capacitor 
comprised of a p-type MOS transistor is electrically con- 
nected to the wire electrically connected to a power 
source, and a gate electrode of the capacitor comprised 
of a n-type MOS transistor is electrically connected to 
the grounded wire. 

[0027] It is preferable that the gate electrode and the 
polysilicon layer are substantially square in shape. 
[0028] In the semiconductor integrated circuit in ac- 
cordance with the present invention, a bypass capacitor 
is located adjacent to a gate circuit into which a period- 
ically varying signal which is a main source of EMI nois- 
es, for instance, a clock signal is input, in a primitive cell. 
This ensures that a wire length between a gate circuit 
and the bypass capacitor can be minimized, and further 
that an inductance and a resistance of a wire can be 
minimized. As a result, an impedance at a side of a pow- 
er source, viewing from the gate circuit, can be reduced 
in a high frequency band, and hence, EMI noises can 
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be sufficiently suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] 5 

FIG. 1 is a plan view of a semiconductor integrated 
circuit in accordance with the first embodiment of 
the present invention. 

FIG. 2 is a plan view of a bypass capacitor in the 10 
semiconductor integrated circuit in accordance with 
the first embodiment of the present invention. 
FIG. 3(a) is a cross-sectional view taken along the 
line A-A in FIG. 2, FIG. 3(b) is a cross-sectional view 
taken along the line B-B in FIG. 2 t and FIG. 3(c) is is 
a cross-sectional view taken along the line C-C in 
FIG. 2. 

FIG. 4 is a plan view of a bypass capacitor in the 
semiconductor integrated circuit in accordance with 
the second embodiment of the present invention. 20 
FIG. 5(a) is a cross-sectional view taken along the 
line D-D in FIG. 4, and FIG. 5(b) is a cross-sectional 
view taken along the line E-E in FIG. 4. 
FIG. 6 is a plan view of a semiconductor integrated 
circuit in accordance with the third embodiment of 25 
the present invention. 

FIG. 7 is a plan view of a bypass capacitor in the 
semiconductor integrated circuit in accordance with 
the third embodiment of the present invention. 
FIG. 8(a) is a cross-sectional view taken along the 30 
line F-F in FIG. 7, FIG. 8(b) is a cross-sectional view 
taken along the line G-G in FIG. 7, and FIG. 8(c) is 
a cross-sectional view taken along the line H-H in 
FIG. 7. 

FIG. 9 is a plan view of a bypass capacitor in the 35 
semiconductor integrated circuit in accordance with 
the fourth embodiment of the present invention. 
FIG. 10(a) is a cross-sectional view taken along the 
line l-l in FIG. 9 r and FIG. 10(b) is a cross-sectional 
view taken along the line J-J in FIG. 9. 40 
FIG. 1 1 illustrates a structure of a conventional sem- 
iconductor integrated circuit. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 45 

[0030] Preferred embodiments in accordance with the 
present invention will be explained herein below with ref- 
erence to accompanying drawings. 

[0031] FIGs. 1 to 3 illustrate a semiconductor integrat- so 
ed circuit in accordance with the first embodiment of the 
present invention. FIG. 1 is a plan view of a semicon- 
ductor integrated circuit in accordance with the first em- 
bodiment of the present invention. FIG. 2 is a plan view 
of a bypass capacitor in the semiconductor integrated 55 
circuit in accordance with the first embodiment of the 
present invention. FIG. 3(a) is a cross-sectional view 
taken along the line A-A in FIG. 2, FIG. 3(b) is a cross- 



sectional view taken along the line B-B in FIG. 2, and 
FIG. 3(c) is a cross-sectional view taken along the line 
C-C in FIG. 2. 

[0032] With reference to Fig. 1, in the semiconductor 
integrated circuit in accordance with the first embodi- 
ment, a primitive cell 1 is comprised of a gate circuit 2 
including a signal input terminal 6 into which a clock sig- 
nal as a periodic signal is directly input, a bypass capac- 
itor 3 located adjacent to the gate circuit 2, another gate 
circuit 17 located at an opposite side of the bypass ca- 
pacitor 3 with respect to the gate circuit 2, a wire 4 elec- 
trically connected to a power source and extending at 
upper ends of the gate circuit 2, the bypass capacitor 3 
and another gate circuit 17, and a grounded wire 5 ex- 
tending at lower ends of the gate circuit 2, the bypass 
capacitor 3 and another gate circuit 17. 
[0033] As illustrated in FIG. 2 and FIG. 3(a), the by- 
pass capacitor 3 is comprised of a MOS capacitor com- 
prised of a p-type MOS field effect transistor (hereinaf- 
ter, referred to simply as "p-type MOS transistor") and 
a metal wire layer type capacitor comprised of a n-type 
MOS field effect transistor (hereinafter, referred to sim- 
ply as n n-type MOS transistor")- A plurality of the capac- 
itors each comprised of a p-type MOS transistor is ar- 
ranged along the power source wire 4, and a plurality of 
the capacitors each comprised of a n-type MOS transis- 
tor is arranged along the grounded wire 5. 
[0034] As illustrated in FIGs. 3(a) and 3(b), the MOS 
capacitor is comprised of a capacitor including an elec- 
trode comprised of a gate electrode 7 of the p-type MOS 
transistor, and the other electrode comprised of a sem- 
iconductor substrate 13 located below the gate elec- 
trode 7 with an interfayer insulating film being sand- 
wiched therebetween, and a capacitor including an elec- 
trode comprised of a polysilicon layer constituting the 
gate electrode 7 of the p-type MOS transistor, and the 
other electrode comprised of a metal wire layer located 
above the gate electrode 7 with an interlayer insulating 
film being sandwiched therebetween. 
[0035] The p-type MOS transistor is electrically con- 
nected to the power source wire 4 and a p-type diffusion 
layer 1 5 through a wire layer contact 9 and a well contact 
10, respectively. 

[0036] The gate electrode 7 of the p-type MOS tran- 
sistor, comprised of a polysilicon layer, is formed almost 
square in shape. The gate electrode 7 is equal in size 
to a couple of transistors constituting the gate circuit 2. 
[0037] As illustrated in FIG. 3(b), the gate electrode 7 
is electrically connected at one side thereof to the 
grounded wire 5 through contacts 8 formed in a line in 
a metal wiring layer making contact with the grounded 
wire 5. The p-type diffusion layer 15 adjacent to the rest 
three sides of the gate electrode 7 is electrically con- 
nected to the power source wire 4 through contacts 9 
formed in a line. 

[0038] As illustrated in FIGs. 3(a) and 3(c), the metal 
wire layer type capacitor is comprised of a capacitor in- 
cluding an electrode comprised of a gate electrode 7 of 
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the n-type MOS transistor, and the other electrode com- 
prised of a semiconductor substrate 13 located below 
the gate electrode 7 with an interlayer insulating film be- 
ing sandwiched therebetween, and a capacitor includ- 
ing an electrode comprised of a polysilicon layer consti- 
tuting the gate electrode 7 of the n-type MOS transistor, 
and the other electrode comprised of a metal wire layer 
located above the polysilicon layer with an interlayer in- 
sulating film being sandwiched therebetween. 
[0039] As illustrated in FIG. 3(a), in the metal wire lay- 
er type capacitor, the grounded wire 5 is electrically con- 
nected to n-type diffusion layers 16 through a wire layer 
contact 11 and a sub-contact 12. The gate electrode 7 
of the n-type MOS transistor is formed almost square in 
shape. The gate electrode 7 is equal in size to a couple 
of transistors constituting the gate circuit 2. 
[0040] As illustrated in FIG. 3(c), the gate electrode 7 
is electrically connected at one side thereof to the power 
source wire 4 through contacts 8 formed in a line in a 
metal wiring layer making contact with the power source 
wire 4. The n-type diffusion layer 16 (N + ) adjacent to the 
rest three sides of the gate electrode 7 is electricaliy con- 
nected to the grounded wire 5 through wire layer con- 
tacts 11 formed in a line. 

[0041] As mentioned so far, a plurality of the capaci- 
tors each including the small-sized gate electrode 7 and 
electrically connected in parallel to one another defines 
the bypass capacitor 3 which has a small impedance in 
a high frequency band. 

[0042] An operation of the semiconductor integrated 
circuit in accordance with the first embodiment is ex- 
plained hereinbelow. 

[0043] When the gate circuit 2 in the primitive cell 1 is 
operated by inputting signals thereto, a series resist- 
ance and a series inductance of the power source wire 
4 and the grounded wire 5 between the gate circuit 2 
and the bypass capacitor 3 are minimized, since the by- 
pass capacitor 3 is located adjacent to the gate circuit 
2 in the primitive cell 1. Thus, it would be possible to 
prevent an increase in an impedance of the bypass ca- 
pacitor 3 in a high frequency band, viewing from the gate 
circuit 2. 

[0044] EMI noises in IC are generated as a result that 
a high frequency current running through the power 
source wire 4 and the grounded wire 5 leaks out of IC, 
when the gate circuit 2 in IC operates in accordance with 
input signals, and charge or discharge load capaci- 
tance. Hence, it is possible to prevent generation of EMI 
noises by preventing an increase in an impedance of 
the bypass capacitor 3 in a high frequency band. 
[0045] When the gate circuit 2 in the primitive cell 1 is 
operated by inputting signals thereto, a parasitic series 
resistance and a series inductance of the gate electrode 
7 (polysilicon layer) and the metal wire layer electrode 
of the capacitor can be smaller than an impedance of a 
capacitance in a high frequency band, since the gate 
electrode 7 is formed almost square in shape and is 
equal in size to a couple of MOS transistors. Hence, it 
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is possible to prevent an increase in an impedance of 
the capacitor in a high frequency band. As a result, it is 
possible to suppress generation of EMI noises. 
[0046] In addition, since the gate electrode 7 in the 
5 vicinity of the semiconductor substrate 113 or the well 
region 14 is electrically connected to the power source 
wire 4 and the grounded wire 5 through a plurality of the 
contacts 8, the gate electrode 7 has a reduced series 
resistance. 

10 [0047] In the first embodiment, the bypass capacitor 
3 is located adjacent to the gate circuit 2 into which a 
clock signal, which is a main source of EMI noises, is 
input, in the primitive cell 1. This ensures that a length 
of the power source wire between the gate circuit 2 and 

15 the bypass capacitor 3 can be minimized, and an induct- 
ance and a resistance of the power source wire can be 
minimized. Accordingly, the bypass capacitor 3 can re- 
duce an impedance at a side of the power source, view- 
ing from the gate circuit 2, in a high frequency band. 

20 [0048] Hereinbelow is explained a semiconductor in- 
tegrated circuit in accordance with the second embodi- 
ment of the present invention, with reference to FIGs. 4 
and 5. Parts or elements that correspond to those of the 
first embodiment illustrated in FIGs. 1 to 3 have been 

25 provided with the same reference numerals, and will not 
be explained in detail. FIG. 4 is a plan view of a bypass 
capacitor in the semiconductor integrated circuit in ac- 
cordance with the second embodiment of the present 
invention. FIG. 5(a) is a cross-sectional view taken 

30 along the line D-D in FIG. 4, and FIG. 5(b) is a cross- 
sectional view taken along the line E-E in FIG. 4. 
[0049] The second embodiment is different from the 
first embodiment only in that the capacitor is different in 
shape from the capacitor of the first embodiment, and 

35 has the same structure as the first embodiment except 
a shape of the capacitor. 

[0050] That is, as illustrated in FIGs. 5(a) and 5(b), 
the gate electrode 7 of the bypass capacitor 3 is de- 
signed to extend towards a gap formed between a ca- 
40 pacitor comprised of the p-type MOS transistor and a 
capacitor comprised of the n-type MOS transistor. The 
gate electrode 7 located below one of the transistors is 
designed to have an end located below the other of the 
transistors. 

45 [0051] As illustrated in FIG. 5(a), the gate electrode 7 
of a capacitor comprised of the p-type MOS transistor 
is electricaliy connected at the end thereof to the power 
source wire 4 through the contacts 8. In contrast, as il- 
lustrated in FIG. 5(b), the gate electrode 7 of a capacitor 

50 comprised of the n-type MOS transistor is electrically 
connected at the end thereof to the grounded wire 5 
through the contacts 8. 

[0052] As mentioned above, the gate electrode 7 of 
the bypass capacitor 3 is designed to have an end below 
55 a gap formed between a capacitor comprised of the p- 
type MOS transistor and a capacitor comprised of the 
n-type MOS transistor. This ensures that an equivalent 
series resistance of the gate electrode 7 is reduced, and 
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that an impedance of the bypass capacitor 3 in a high 
frequency band is reduced. 

[0053] Hereinbelow is explained a semiconductor in- 
tegrated circuit in accordance with the third embodiment 
of the present invention, with reference to FIGs. 6 to 8. 5 
Parts or elements that correspond to those of the first 
embodiment illustrated in FIGs. 1 to 3 have been pro- 
vided with the same reference numerals, and will not be 
explained in detail. FIG. 6 is a plan view of a semicon- 
ductor integrated circuit in accordance with the third em- io 
bodimentof the present invention. FIG. 7 is a plan view 
of a bypass capacitor in the semiconductor integrated 
circuit in accordance with the third embodiment of the 
present invention. FIG. 8(a) is a cross-sectional view 
taken along the line F-F in FIG. 7, FIG. 8(b) is a cross- 15 
sectional view taken along the line G-G in FIG. 7, and 
FIG. 8(c) is a cross-sectional view taken along the line 
H-H in FIG. 7. 

[0054] The third embodiment is different from the first 
embodiment in that the bypass capacitor 3 is comprised 20 
of a polysilicon capacitor and a metal wire capacitor. 
[0055] That is, as illustrated in FIG. 8(a), the bypass 
capacitor 3 is comprised of a capacitor which forms a 
capacitance between a polysilicon layer 7a formed in a 
wire area, and a semiconductor substrate 13 or a well 25 
region 14 formed below the polysilicon layer 7a with an 
interlayer insulating film being sandwiched therebe- 
tween, and a capacitor which forms a capacitance be- 
tween a polysilicon layer 7a and a metal wire layer 
formed above the polysilicon layer 7a with an interlayer 30 
insulating film being sandwiched therebetween. 
[0056] The third embodiment is different from the first 
and second embodiments in that each of the capacitors 
is not electrically connected to the power source wire 4 
and the grounded wire 5 through wire layer contacts 9 35 
and 1 1 unlike the first and second embodiments, but has 
the same structure as the structure of the first embodi- 
ment except that. 

[0057] As illustrated in FIGs. 8(a) and 8(b), the poly- 
silicon layer 7a in the polysilicon capacitor is electrically *o 
connected at an end thereof to the grounded wire 5 
through the contact 8. The p-type diffusion layer 15 
formed in the well region 14 located below the polysili- 
con layer 7a is electrically connected to the power 
source wire 4 through a well contact 10. 45 
[0058] As illustrated in FIGs. 8(a) and 8(c), the poly- 
silicon layer 7a in the metal wire capacitor is electrically 
connected at an end thereof to the grounded wire 5 
through the contact 8. The n-type diffusion layer 16 
formed in the semiconductor substrate 1 3 located below so 
the polysilicon layer 7a is electrically connected to the 
power source wire 4 through a sub-contact 12. 
[0059] As mentioned so far, a plurality of the capaci- 
tors each having a small capacitance and electrically 
connected in parallel to one another would render an 55 
impedance defined by a parasitic inductance and a re- 
sistance of the capacitor in a high frequency band small- 
er than an impedance defined by a capacitance of the 



capacitor. As a result, there can be obtained a bypass 
capacitor having a small impedance in a high frequency 
band. 

[0060] Hereinbelow is explained a semiconductor in- 
tegrated circuit in accordance with the fourth embodi- 
ment of the present invention, with reference to FIGs. 9 
and 10. Parts or elements that correspond to those of 
the third embodiment illustrated in FIGs. 6 to 8 have 
been provided with the same reference numerals, and 
will not be explained in detail. FIG. 9 is a plan view of a 
bypass capacitor in the semiconductor integrated circuit 
in accordance with the fourth embodiment of the present 
invention. FIG. 10(a) is a cross-sectional view taken 
along the line l-l in FIG. 9, and FIG. 10(b) is a cross- 
sectional view taken along the line J-J in FIG. 9. 
[0061] Similarly to the third embodiment, the bypass 
capacitor 3 in the fourth embodiment is comprised of a 
capacitor which forms a capacitance between a polysil- 
icon layer 7a formed in a wire area, and a semiconductor 
substrate 13 or a well region 14 formed below the poly- 
silicon layer 7a with an interlayer insulating film being 
sandwiched therebetween, and a capacitor which forms 
a capacitance between a polysilicon layer 7a and a met- 
al wire layer formed above the polysilicon layer 7a with 
an interlayer insulating film being sandwiched therebe- 
tween. 

[0062] As illustrated in FIGs. 10(a) and 10(b), the 
fourth embodiment is different from the third embodi- 
ment in that the polysilicon layer 7a of the bypass ca- 
pacitor 3 is designed to extend towards an area at which 
the capacitors face each other, and that the polysilicon 
layer 7a located below one of the transistors is designed 
to have an end located below the other of the transistors. 
[0063] As illustrated in FIG. 10(a), the polysilicon lay- 
er 7a in one of the capacitors is electrically connected 
at the end thereof to the grounded wire 5 through the 
contact 8. In contrast, as illustrated in FIG. 10(b), the 
polysilicon layer 7a in the other of the capacitors is elec- 
trically connected at the end thereof to the power source 
wire 4 through the contact 4. 

[0064] As mentioned so far, the polysilicon layer 7a in 
the bypass capacitor 3 is designed to extend towards 
an area in which the capacitors face each other, and fur- 
ther designed not to be electrically connected to the 
power source wire 4 and the grounded wire 5 through 
the wire layer contacts 9 and 11. This ensures that a 
plurality of the capacitors each having a small capaci- 
tance and electrically connected in parallel to one an- 
other would render an impedance defined by a parasitic 
inductance and a resistance of the capacitor in a high 
frequency band smaller than an impedance defined by 
a capacitance of the capacitor. As a result, it would be 
possible to reduce an equivalent series inductance and 
an equivalent series resistance. 
[0065] In each of the above-mentioned embodiments, 
a clock signal as a periodically varying signal is input 
into the primitive cell. The present invention may be ap- 
plied to not only a primitive cell into which a clock signal 
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Is input, but also a primitive cell into which signal is input 
relatively periodically. 

[0066] That is, there can be obtained the same ad- 
vantages as those obtained by the above-mentioned 
embodiments, even if a signal is relatively periodically 5 
input into the signal input terminal 6 illustrated in FIGs. 
1 and 6, in place of the clock signal to be input into the 
signal input terminal 6. 

[0067] If only the small number of primitive cells re- 
ceive a clock signal through the signal input terminal 6 10 
due to a specific structure of IC, the bypass capacitor 3 
could be effectively incorporated in IC. 

INDUSTRIAL APPLICABILITY 

15 

[0068] As having been explained so far, in accord- 
ance with the semiconductor integrated circuit, an im- 
pedance of the bypass capacitor arranged in a primitive 
cell is reduced in a high frequency band, and resultingly, 
a total of a resistance of a power source wire in IC chip, 20 
an inductance in IC chip, and an inductance of IC pack- 
age is greater than an impedance of the bypass capac- 
itor in a high frequency band. This ensures reduction in 
leakage of a high frequency current generated in IC, to 
outside of IC. As a result, it is possible to suppress gen- 25 
eration of EMI noises in IC. 

[0069] In addition, since the electric charges neces- 
sary for an operation of a gate circuit, that is, a current 
in a high frequency band is supplied through the bypass 
capacitor arranged in a primitive cell, it would be possi- 30 
ble to operate a gate circuit without being influenced by 
an impedance of a power source wire in IC chip, and IC 
package. This ensures a higher rate at which IC oper- 
ates. 



Claims 



3. The semiconductor integrated circuit as set forth in 
claim 1 or 2, wherein said bypass capacitor includes 
a first capacitor which has an electrode comprised 
of a gate electrode of a field effect transistor, and 
the other electrode comprised of a semiconductor 
substrate located below said gate electrode with an 
interlayer insulating film being sandwiched therebe- 
tween. 

4. The semiconductor integrated circuit as set forth in 
claim 1 or 2, wherein said bypass capacitor includes 
a second capacitor which has an electrode com- 
prised of a gate electrode of a field effect transistor, 
and the other electrode comprised of a metal wiring 
layer located above said gate electrode with an in- 
terlayer insulating film being sandwiched therebe- 
tween. 

5. The semiconductor integrated circuit as set forth in 
claim 4, wherein said second capacitor includes a 
capacitor comprised of a p-type MOS transistor and 
a capacitor comprised of a n-type MOS transistor, 
a gate electrode of said capacitor comprised of a p- 
type MOS transistor is electrically connected to said 
wire electrically connected to a power source, and 
a gate electrode of said capacitor comprised of a n- 
type MOS transistor is electrically connected to said 
grounded wire. 

6. The semiconductor integrated circuit as set forth in 
claim 1 or 2, wherein said bypass capacitor includes 
a third capacitor which has an electrode comprised 
of a polysilicon layer in a wiring area, and the other 
electrode comprised of a semiconductor substrate 
or a well region located below said polysilicon layer 
with an interlayer insulating film being sandwiched 
therebetween. 



1. A semiconductor integrated circuit including a plu- 
rality of different primitive cells constituting a tunc- 40 
tional block, 

characterized in that 

said semiconductor integrated circuit includes 
a bypass capacitor electrically connected be- 45 
tween a wire electrically connected to a power 
source and a grounded wire in a specific prim- 
itive cell into which a periodically varying signal 
is input, and 

said bypass capacitor is located adjacent to a 50 
gate circuit to which said periodically varying 
signal is input, among a plurality of gate circuits 
constituting said primitive cells. 



7. The semiconductor integrated circuit as set forth in 
claim 1 or 2, wherein said bypass capacitor includes 
a fourth capacitor which has an electrode com- 
prised in a polysilicon layer of a wiring area, and the 
other electrode comprised of a metal wiring layer 
located above said polysilicon layer with an inter- 
layer insulating film being sandwiched therebe- 
tween. 

8. The semiconductor integrated circuit as set forth in 
any one of claims 3 to 7, wherein said gate electrode 
and said polysilicon layer is substantially square in 
shape. 



2. The semiconductor integrated circuit as set forth in 55 
claim 1, wherein said periodically varying signal is 
a clock signal. 
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FIG. 1 




1: Primitive Cell 2: Gate' Circuit 

3: Bypass Capacitor 4: Power Source Wire 

6: Signal Input Terminal 
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FIG. 2 
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3: Bypass Capacitor 4: Power Source Wire 
5: Grounded Wire 7: Gate Electrode 
8: Contact 9, 11: Wire Layer Contact 

10: Well Contact 12: Sub-Contact 
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FIG. 4 
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3: Bypass Capacitor 4: Power Source Wire 
5: Grounded Wire 7: Gate Electrode 
8: Contact 9, 11: Wire Layer Contact 

10: Well Contact 12: Sub-Contact 
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FIG. 6 




1: Primitive Cell 2: Gate Circuit 

3: Bypass Capacitor 4: Power Source Wire 

6: Signal Input Terminal 
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FIG. 7 
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3: Bypass Capacitor 4: Power Source Wire 

5: Grounded Wire 7a: Polysilicon Layer 

8: Contact 10: Well Contact 
12: Sub-Contact 
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FIG. 8 
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7a: Polysilicon Layer 14: Well Region 
13: Semiconductor Substrate 
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FIG. 9 
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3: Bypass Capacitor 4: Power Source Wire 

5: Grounded Wire 7a: Polysilicon Layer 

8: Contact 10: Well Contact 
12: Sub-Contact 
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FIG. 10 
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(b) 

7a: Polysilicon Layer 14: Well Region 
13: Semiconductor Substrate 



17 



i 



EP 1 143 507 A1 



FIG. 11 
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100: Gate Circuit 101: Power Source Wire 

102: Grounded Wire 103: Capacitance 

104: Equivalent Inductance 105: Equivalent Series Resistance 
106: Series Resistance 107: Series Inductance 
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